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34:, Ki»wg5t«^.n^ 0 E.mwmm 

-7- 1 03iPttWttH4:«iftO«ittfitfii:*V E«* I <om 

C©^l-fe7 5 7^l2 OO-^OjilKKtt&ttfcttfli 

1 4 %M?n/cEttt 1 2 fc, FWcffifflfcW L3S 1 
t5 ^ >y 2 0 £:-<*fil*S£n/c33 2 -tr^ i <y 3 

2 OroflWOBifcWlPlLTEBt^nfcMgPtt 3 4 «x. 

35 1 -fe7 5 «y 2 0 <D--/i<Dffi& <0 < L 
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1 

mmmmx&?x, 

^^m^-rs^^ttMi'^Bo io 

[M#£ 3 ] ±3EE«f*©*««£»#«fc«»Xfcl: 

umm4i ifflmwwm^iiK t&mwmcmrz? 20 
m#« 1 ~3Jgo^-fn^ 1 ■o<Dm^sm<o^smmm 

Bo 

Ho 

Botwo^a < * «. 1 o©«c, attft^axoRjiia: 

ftgBfcWf £«ttft£7«m*g7GK0ttfiH£ 40 
SB. 

[HftjRiR 9 ] ±IS8iBWn© / >* < k 1 o©rtH# 
LHtKfr 6 $ 5 c * W » £ f 5 WM 8 8BK4>«i& 

■r § ^jikc^is^ nr ^§ c«t i: -r ^f»*is 8 k 
«a-rsw*«7ie«o«iaiiwsESBo so 
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cis*isi2] ai^s^ist 

SftfcEfcttft^lSaEWfWIKtfi:, 

^2t757^fit, 

R»2 -fe5 5 v *«*j*A/l*KS 1 -fcv 5 -y 
±E» 1 -fe72 >y ^SOflS^BStcfettS^^XiS^ 
l 3 ] fit** 1 2 3E«©ffif*©1$tt»J£ffl* 

[fS**l 4] ±g2Kia#®tf, EmcD-f >tf-^" 
7F5-y^yX. (ftffi, fitfu 

ny^^yx, -tHr^y*, <fy?92y 

Bo 
[0 0 01] 

e-r^tBffiSJ: < WS-T* c t ©-c?££ttlt$iJ£2iB& 

t>'^fto#tt»jssB(c wr § o 

[0 0 0 2] 

icmtzi&m*m&icmfeirz>c£imtbx®mT3bz 

[0 0 0 3] C<D£o%mcMLX, Emj§i?^ 
*iJfflLfcttftW3t35j*Rtf»IS«ll3WlS6StiTi3»), 

«fbb¥ 1-311250^, mmz - 2 1 3 
7 4 3 tenuis - 18954 owAmzii, i±m 
m?. mc7^ B mm^m.W£mm^^, z<Dp,<D&m 

i£81^^$nt^§ 0 Sffc, #^¥3-1 4 80 



3 

[0 0 0 4] 

3 1 1 2 5 nm^-Z-Z 13 7 4 3*t&tf1$il¥ 
3- 1 8 9 5 4 O^fBISilSOfeOfCft^Ttt, 7K5 

«fttf*«iif»iWI*il5oft. -7?, fflf3-i 4 
8 0 4 0^«IB«®tta»J^SIlfCfel/^T(i, /Wt 

[0 0 0 5]I(c, c®J:^4!ie*0*!i«»J^jlt* 
IE5SftttJ»J£#T- * S fc coco, ttlStfJ±«W'hS fciJlt 

ft «KfficOSt S Rfflfc «#T £ S ft fc fc <&-C 

&9, f-oawfc-rafcd^ti, ^i)«ico^T^o 

[0 0 0 6] 

mmzmn? %ctic&r>, ±ie@ w# itis-p t & c t 

fcJEtHU *RW*£#*-*fcSofc. Sot, *£9! 
<9#iJgSi]£j£Ht±, *«£«»<*ftfcE«fta!>>e>fi)cSE 

ft^ i o*<tta«ij^%fif ^ K+»*e*K«ftr ** a 
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[0 0 0 7] X, *RlflfcJ:tUf, Sl-b557^« 
fc, Kmi-b55-y^ffi£D-^(0ffit^te)ftfc*«i% 
JfcfcSftfcEWfr^JSSEWHSlttfi:, AfftcSffi 
Zfibmmi ■fe7 5y^«fc-ft«Etg«ftfcS2-b5 5 

^SOfl!!^©iiiKWlSlLTiEISSftfeS8l5ttt, fcffl*. 
fcffitt«1^9J3£fflJR : ?'CfcoT\ ±BE3S 1 175 y * 
«O«l£0iEK:fttt*#5X##*, ±ffl£ l *7$7 
2«<D-2F©B5<fc9'>&< Lfcct£#^i:-f3ij1tf*© 

E«ttjf»j^ k si&fcgig-r 3 *E£ ep&ot & t , 

[0 0 0 8] 

[ftffl] *?2WcDfMJ£gBfi, 8Si*'t'TE**Wgi!i 
^{iHSWfi:|il-T'S.5o 

[0 0 0 9] *5EW©tt«»]SSiB»Cfel/^T, E 

30 mwmm^m <o mrcmmcD^tnfr-ftzmmfa? 

f&fflU Cco»1S^E«{*«®)?{c<fc9fii)$-ti, 

■CSSo COJg^ flgij«cD#ttWtt«^E»fttg®)^ 
t ^fi!t$ ft/cT^f $ t LT »J»*ft« C 

[0010] 4*5, *wmwwc$5^T, r»j t 

ft^S%?g»$-ttfcrgffiXti!iS?S, «i>(4cfte»oiB 

hRtfjESs^feaimc^sfts. 

[0 0 1 1] UT. *5SWOttJS»JS«Bi3J:tfflf[(*© 
50 ^gHos*w^at±> Em»^colitai:, ccDffi 



(4) 

5 

ttitfitn*^t t^/h? < * o , < ftn 

{f*t<ftSo •?• it, mm?comm<D&o%mm?fr-? 

U7^^yx> ny^^yx, -ft-t^yx, -o^ - 10 

ffi/JlSj^lHj-CDTb'lSl^Rfr^itH (/W7XtE) *01in 
Ufct^?«KWStt*lll!lJ£r*C t^a$ U\> EH 

#ife&*mm? sows l<, ^©^©^ytxme 20 
[0012] ±iBfcj$T«, tt*a3e»mco^T 

TSSfc*, ffif*©tftJfi»J£8ll©*fc|®£Sft<St>© 
Ttifttv BP'S* 0Utf, SKf*^iSfflce*or, ^©m 
«©»StffMb-r S c fcfc«k *) , ttfifti^ L-ffigtf gfb 

mr«©ttaif!i|£, ma»J£, igaffl'JJgfcJIfifir ?c ktf 
ntfUiHi 3tc7nfii9r&9, x, 

[0 0 13] <fc9Si*tofc^*fcr, &$-f3BI3, 04 

fCT^-r ct ? ftmB5t«r^-r sstftw^wj^ga^fc^T 

tt, SiB»3 6, Mii7L3 8lCtstf%ffift<Dmmnmm 40 
(«J-f 3iftf*©S«) , SMHMrir (iffif*««fftS 

£) , ^«iWc (»H*©«S) fcfc. f Wnm= f 
(p) , r = g (tj) , c = h (p, v) (p : iffiftffi 

SE, Tj rfllittttfi, v : SKftfiOgiS) tftoT, iJiti* 

©$a, ttfi, fc<fcDlfi#^©§jIf;:railLT^{b-f 5 

£46, Cft6©i«tt©Mfc£{bfcE*tt©«ilg{bfcra 

flWtt t wif^-r 5 C £ T* £ § o 
[0 0 14] *fc*«WT?ti, Kn&<DMmftM(D%it 
±HSbfc «fc ? K««WSB*0«fbi: LTifliJ^fS^ 

tf, Em©#ffiJa«f&©^b©iij£lCtt«L-TH&fc 50 
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6 

S$n§fcOT'(ift<, iffj^a, »:\ftl?©il£frb 

^T't^CfctiW^ST'tft^o #Rf4, ttis-rsH 
3,04 fcijvr J: 3 ft««**-r*«»OWttiB£*« 
T'fcoT, IBM GgH:7$7*«) 2 0©gffi2 0 

< LfcSeHfcfe^Ttt, mnjzmwictttzm 1 -tr^s 
>y ^«ojjBntt*^»Kft5fcii), !±mw<Dmmnm<D 

c c ?, »ntt# a» t ti> &ji&ftkft lt 2 o aw 
t, «fco« : sL.<{ii oautTfcftsctifem^o 
[0015] *^aatcffli^§gnwco^T 

WaW^T^fi?itf*©tt-14SMi:^M«T'ji^ft 

ii wffift"f<:«-r § c t tc «fc o atft t apx. e 
cona^g-rfeOT', muni* E*i*03t:*?, «^r, 
w#»t;sai8«oL*«fci»ii-r*. m&w. 

[0 0 16] *aWKff5tt«8PJffifc*V^T. ±IE?¥tt 
ft<, ttKj»IS©IB©liIftfcJ;5S«flco«SiWS»<D 

5 0 0«t»)/J^V^«SHT^b-rSJ:3ftH«fc^ 
[0 0 17] *f5WOttaj(IIS«itKffl^SE«ft:lBlft 

$<-rnff i^cttcftSo flRJ^tf, E*tt£ft?#4K 

<, S<«B8fScfcte«kt)PiittW1t«*/h*<-et 
[0 0 18] Sfc, *aWOtt*W5£aiBte*V^Ttt, 
E«ftlg®)?OlgSi(cj[S i;TjjRf*ojjflftfifii%ni*«-er 

rt«r»»-rSISK, »Sfii«<0«^WftEII»c«t^T 



(5) 

7 

Off S ft W1$H£ MB* a c t * < , ±Se$ttW 

rt. Emjsii?©)?^ Ksts^gfts-sscfca 
<, W&iJltefcft-pcfc^&K&So ty*/USa8i« 
J: »j, Em»j?o?i?ttW14«*W 

±<Dfafci&ftmiri<D®±9))m<Dm % -®mc a** ^ D 10 

[0 0 19] ±85E*tMgSi : Ptt» HKte, fi« 
OEWRilcIS^ •? ItltS c t K J: 0 ft 

FIB, eft6<Dii§&&*H±T'&oT&J:i,\ ) c<DE«<* 

tf, m^-tr 7vy^ x^Kifi*t 5 ^ v 5 XT' fe «k 

<« #ffi«ra©fifcttiataft*t\, eu -b^s-y^x 

lW<Dttmfrt>MJ$.$nT$>&<, PVDF (IU77 

x« c ft £> iU^-T -b 5 ^ -y * x t cofs^ft ^ s c 20 

£t>T*23o K#?tm*S€rtHSMCH:, fitted 
[0 0 2 0] ±ffiE*tt-t7 5 ytXtLXlt. i?Jl=i 

?*ymm, f-tyM'VjyLmx&cnz?) 

(PZT) £&frf3-fe^ vtXtWZL 
fcfc, fW*Lfc{t£»«#a<5OSffi%UJ:0±J* 

fc, ±8B-b 7 5 y *XKtt3afij6ftltt%*nA*i: 1 1 "I 
fllT'feO, fi»J^ff. 77?y, iJJli/VL, KYuyJ- 

3fi», -v5r/k T^*y^F<DilftfteL< tic neo 
ft«©fi^Xlifl!!<D{fc£to*iSi!iq Lfc-fe 5 5 -y * x£ 

[0 0 2 l] ±gSE«ttt±m& ! f5?k£?LHT?& 40 

znnv^-S!, zvwumn o%urx'&% 

©*«flF*U*. &fc\ Emt*©«fr£ti^U:|®3!£ft 
U E1t<*^lii)1-§l^cotgi|'a(i'J^$ttn{i"/jN$^(5H 

Emco®^t ! f$(ci5fi-/tg?n§tc7)'r-iift< > m 

TjgjiMT'tStf, ® 1 ~ 1 0 O iimt?2><Dt)W£ 50 
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L<. *$J5~5 0/imft<Mfc:»3:L<, S*j5~3 0/im 

[0022] ^tc, nmomnt lthu nux-mftx- 
* os»*tt*wr 5 fe©"p«nar«Fk:ffiS«n5 tot* 

[0 0 2 3] fit, *«WOttlSiWSi6BK-b7 5'y^ 
[0 0 2 4] tffOJPftfcfc. fil(i«i:aS«-&5«^fe 

dferWftiB^snsto-efiai^ awto. i~5 

0 /imt-rscOAU^o ftte % ttScOffM^^LT 

[0025] ^tc, ±iB«iftigfco^rEKwrSo 
nstoTfeoT, E*i*n®i^©»fcw*c;tTJg®) 

BSc^fijffl-rntt, Mtt0ttig&{fc*flta?sffittn&*!i 

^cr>WHh LTI±, 1 ~ 1 0 0 /imtftfSK, 3 
~5 0(»mA'St»*L<, 5~2 0fimtf-Jf$?l;L 



(6) 

9 

[oo2 6] mmmunt Ltii, mmt. it?m% 

7 ^ -v f X T'ttffl L fc t CO ^-fe 5 5 <y ^ X g f**^"? 

</\, 10 

[0 0 2 7] C©Jf£\ filjffl-ptS-b^S'y^XfcLT 

[0028] ccz\ ±®<d rge3efkstifc»fl:^/i/3 20 
tcti, ££<kiHk^b:3^A£^££{k$? 

0 0 oxfflmcts^Tmm&tiEjjM,t<Dm?mi&®* 

A, »{fcvy*i">A, mit-tv hU*A, SHkx/jy 
&JS»fk1*»3S»£j£ft8i|«: 1-30 */U%£*tT 30 

|gi)igcD^MW^it^i^±-r * fc *fc kwc ggfk 

-<-y MJ9A<D^W»£LTtf:, l. 5~6*;U%rfM? 
£L<, 2~4^/U%#Mfc« : £U\, ftfc\ ££<k$ 
ftfcBtfk swa - <? ioifc &*S3ffi(i. HfiH t W 
AfcOS&K. jE^ B B B £mi£©ru^, fi#fti:IE 
#H i: W4H t <om$%* lE^Jla 4: J** ©rg£&, 

sfc, fi£fktn/-cirtk^3-H;A{±, M g o, 40 
A 1203, S i 02, tii±m<D®$£MmzmM%ts£ t 

[0 0 2 9] «M«*#lJS'fS"fe7 3-y**fc 
tt, 0. 5~5ffiffl%Og$fka^^tt^n§^>T$L 

< , 1 ~3fifl%o»fkasR*^*nso*<MtH ! * 0 
<#>. cnii, Em»?£fftMcj;offM-r3is^ 
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ftStf, 33 B B B f5©¥^*igte, liifi^coaMWSiJJt^ifii 
±S*5fei60. 0 5~2 nmT'fe^LiWSK, 
0. 1 ~ 1 ^mT'feSOtfMKftfSLK 
[0 0 3 0] #lc, EttftjSifi?X(ili®lt6<0BSKO 

tffeSo Cfl)ft*. E*f«8»¥Xtt«»ftfi©-8Wi* 
0j£*3«:fcfc&Stf, Wfctf, Etttt^ft^&tflSi/] 

fc@£LfcD, 8^£f*Xtt*»ifi«1S«©£f*fcMo 
Tttfctt 0 tttf 5 c i: «fc o r @)£t § c £ tfT- * 3„ 

4:|^-<D^aT'SoTfcaft5WaT'feoTt.J:l/^ 

A, g{k7;U = ^^A, afkaSRRtf^7XSS*0IJ^T* 
[00 31] 

WT, *KW%0ii€:#!aUT*iSffiJfc:J:O 
«SH-P*5, WHfcfe^T, C£D«iiaiM^B{i> E 

freora^ttlEffiSrefctK ft^ttEti 1 0mV~ 1 
V, JittSCtil 00-1 5MH z©pH^T"5I^<^tcOT' 

ft^n'J-Kl 6^«lSSnTfe»), U — F 1 6tt, 0 
1 (c^TJ: o (cE«<*ffii/)^ 1 0 tfmmBiXfti&f- 

[0032] mmm 002 icmEEnwrnm? 1 0 

%«A5ttfi»J^SH*fflt\ C(DE«i*ffiift? 1 0* 
LfcttHT\ *® 1 4 fflfc 5 0 0 m V©(i# 
«E^En/)PL, 1 00Hz^f>5 00kHz*TM 

ft*H7tC^-ro ft*5, 07l:fe^T, TDaJ (tftfi 

js«t *>+»fiv^»»-eoflKiicfla»*aL. td bj « 

[0033] mmmz) pzT»**ia*u 125 
0 'ex- 2 i^mMfiR Lfco »6nfc«iricf*t a g ^-x h 

^ffl^Tlt®^ffML, 7 0°C, 2kVTM5 

8fl#«0a*fft\ 1 2 mm (») X3mm («S) X 
1mm ©H2*C^-r«k5ftE«ftfiift : F%» 

m^ZWiiS. 1 000~1 07Jc S t©PVA (JJ?'J tT- 
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;b7/i/3-/u) *ig«t£SMu wm^mmt^xm 
0 8fre, 1 7? c s t-^mx-it. mm : ?*ffif$.?%i±m 

<*i& ( P Z T) ©WMlWttSOtftf P V A7k»«<0fii 

a, 1 73 c s t *s§cDiAj^^mjas<^(±5-r^c ttis 

[0 0 3 4] ($ffi0lj 3 ) 0 3 (4, *£&!<&telg»Jj£8 10 

Hoffls©*iBtfij%* , r»«st4ffliaT'fe»), 04(4, 03 

So 03&t>*04{C*5^T, CO«ilgjfH^aH(4, EE* 
ttl 2 <DmfS ICW.® 1 4£fg&LTl£3E1tftl8i/H i 1 
Ofc, -*f©**l 4 £i5&Lfc»IK2 Ot, ISM 
2 0»®rg£$£Lfc#3 2£, #3 2%«BLT^* 
^-X^U- h 3 4 4:*fii*tVSo 
C0 0 3 5] ±IB*Sl 4fflU-K8Pl 6 54, 0,^Lft 

fc, tsiitg2 ot4, zicx'o^nm^mmo^m 20 

£ £tf*imX'&Z>o ft*5, Eftttl 0£M&2 0t<0 

Ttes$nT^5^S{4*i/^> oomm am 

[0 0 3 6] ±!2«i)ti»J^H(Cfe^T(4, MS 2 0 
<D3Sffi2 Ort, 4*3 2 ^-X^U-h 3 4 i:K4 

o. &m%i 3 6 ima.t nxts mmmizt^zmi* 

{4^-7.yu-h3 4CSHR*tlfcWl?L3 8£ftLT 30 

Sfi3 614, fill)^ 1 0RlEJE®[M£2 0 ©}g®]{cj£; DT, 

t LT©«ffi*«rc-r. ^£Pgl$3 6t4giE2 0 r£ 
^£>I*]|£<D 1 -OtLXtsV. ^IISEWcfc^T, ffiOrt 
S8«#3 2<9l*lJ§)[g£^-X:/U-E-3 4 ©MB J: K «fc 
?>JBlK2ftTVS Q Wil?l3 8l4, iffi<*£2MfR3 6tC 
SiALT»tfi2 0 bffifct%mm£-&Ztzlsblcmtft> 

■rntf+^T'feO, Hiffi?L3 8fcRttSftt>»)fc±3Bfl!! 40 

[0037] [i&Mffimwnw&m&iftoisam v 

ttfr6>ft«#3 2fc, ^-X7°b-E3 4£2p<iU M 
UMS2 0, W-3 2 5cO*^-X:/U- H 3 4*«#SteT 
-(WftiaLfc. »6nfc4M*©¥ffiWfcl4, 2 mm 
(«) xo. 7mm ($) T'fcO, «£2 0, #3 2 

st/^-x^u- h 3 4<D^ii, ^nfno. OK 

0. 5&O"0. 5mmT'fet), HiI?L3 80BS»43 0 50 
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0 /i m 

[0038] mwmm onmrn mm) ±t, p 

t^-Xh£$$&CQMJ?tf 5 ^mfcftS4?fCX£U 
->£WJU 1 2 0tfl 0#IS««SU #^T*> 1 3 
5 0°C?2B«MU Ml 4 (T»*ffi) WL 

BHSflU 1 2 0°CT' 1 0#gjiLfd&, 1 3 0 0"CT-3 
ftlBH&SU JESttl 2£ffMLfc 0 MIC, TSMMSl 
4tR«fc:LT> ±8l5*ffil 4£E*ttl 2±K«fiK 

[0039] ±$©4?fc:, *njB0ii-ptt, B.nwmm 
t>«£u G®%vmmmmmmLrj:frvrzo &o 

$ #S 4 ? ft f£ ffl^ffi o T t ^coaSStc 4 o 

»sijo*fb*«ei: s c 1 1, *i^tmtt(cin^ 0 * 

§ci:(cft?, 0 

[0 0 4 0] ±»OJ:5lcLT»6nfc*!i*jl!« 
SK^tt® 10~5000cSt toi/Vn—yXJMz. 
a»U Kii?L3 8%^LTa!JB»3 6lCS/U3-y* 

*ms«>jfc«tntf, i o~ i o o o c s t <oii5Hr"t4itt 
JS%fllfia<iWST?tS* < , l 0 00 cS t^Si: 

SMt*^<ft»), «^3SDl4Da(C«(JiRmLT- 
S(cft5(0T% 1 00 0 c S t*fflx.%1fcm*m&8i< 
Wimt %>z.t tf®MX'& zct tffrfr So cocitt, 
«ifi*M 00 0 c S t^rS^Si:, 0cd#14W 

46, filft? *%ft:OttttfitiiCn^4 < jgfjT't ft < ft 

[0041] (ussct 4 ) nfistfij 3 T*ff « vrz&mmz. 

mmicHs^X, Hil?L3 8©lSS©^:t5*Sft5-&fe 
W^tt, HHl0iJ3 2:ntt<OtKflF%IIOiBU 01 0(C7f> 

01 ot4, Kii?L3 soimmoy-xzzzmtz&zct 

t<D, fflfcffiS D LTVSo CCD0J4, 01 
1 cD4 9tgt-C ttT* (09#H3 O ) , 01 lfr 
6, «)I?LittIcD-At$^^k$-ti:Tr5S»)ffitn^pl^-r 
5 C tic 4 •? , /£«Hl?0«iS»JS*^rflgtc4S C tff 

[0 0 4 2] (H)il?ij5) 05RO"06{i:, *&m<Dl& 

smm^m<om^m(om&m^t 9 ft*?, ±iE©«w 
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fi, ±12^3 2CDf^0tCX^-+)-3 2" fcffll^Tfc 

Jt*««*l»B1IW3 6" *«3£LT^*. ±12 
»efi«3 6' 2mm (IK) XO. 7mm 

(«) xo. imm 0»JM tU £jK0l3£Plttfct!i 

giis^fTo fees, H9fc^<D<sa^6>tifc, 
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* [0 0 4 3] (umij e ) mmm 3 r*^« Lfcttssra 

±j£©'>U3--:/*-OWc8MIU <i#tt 

•ea, ttfiflj^tttolgft^ofifitfo. ooo3~ 
0. 0 5 6 4 (im-pfeO. «i:/uifi6fi&#fofci^fci^ 

[0 0 4 4] 
[%1] 
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(57)Abstract: 

PURPOSE: To provide a viscosity measuring instrument 
which can easily and excellently measure the viscosity of 
a liquid with high reproducibility regardless of the 
magnitude of the viscosity even when the liquid is in a 
flowing state and an element and device for measuring 
characteristic of fluid which can be effectively used for 
specifying such characteristics as the viscosity, 
concentration, density, etc., of acidic and basic solutions. 
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CONSTITUTION: A viscosity measuring instrument is 
provided with a piezoelectric vibrator 1, oscillator 3, and 
loss-factor monitoring means 5. The elastic property of 
the vibrator 1 and the viscous resistance of a fluid are 
controlled so that the loss factor of the vibrator 1 can 

change in such an extent that the viscosity of the fluid can be measured. A characteristic 
measuring instrument is provided with a first ceramic plate 20, piezoelectric body 12 put 
between electrodes 14 provided on one surface of the plate 20, second ceramic plate 32 
which has an internal void 36 and is integrally sintered with the plate 20, and lid member 34 
which is counterposed to the other surface of the plate 20 with the plate 32. The amount of a 
glass component in the other surface of the plate 20 is made smaller than that in the one 
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* NOTICES * 

iTPO and ZNPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The piezo electric crystal vibrator which consists an electrode of the piezo electric crystal by 
which ** arrival was carried out, and the power source which impresses the electrical potential 
difference which excites an oscillation to this piezo electric crystal vibrator, An electric constant monitor 
means to detect change of the electric constant accompanying an oscillation of this piezo electric crystal, 
The viscosity measuring device of the fluid characterized by being controlled and changing so that it 
may be the viscosity measuring device of preparation ****** and the elastic property of the above- 
mentioned piezo electric crystal vibrator and the viscous drag of a fluid may change to sufficient extent 
for any one of the electric constants of the above-mentioned piezo electric crystal to perform 
measurement of viscosity. 

[Claim 2] The viscosity measuring device according to claim 1 with which the electric constant of the 
above-mentioned piezo electric crystal is characterized by being either a loss factor, a phase, resistance, 
a reactance, conductance, a susceptance, an inductance and capacitance. 

[Claim 3] The viscosity measuring device according to claim 2 which the electric constant of the above- 
mentioned piezo electric crystal is a loss factor or the inverse number of the tangent of a phase angle, 
and is characterized by changing in the range in which the ratio of the change width of face of this loss 
factor is larger than 1, and smaller than 500 in measurement of viscosity. 

[Claim 4] A viscosity measuring device given in any one term of one to claim 3 term characterized by 
the above-mentioned piezo electric crystal vibrator vibrating without being substantially accompanied 
by the amplitude in measurement of viscosity. 

[Claim 5] The viscosity measuring device characterized by having a loss factor monitor means to be the 
viscosity measuring device of a fluid equipped with the piezo electric crystal vibrator which consists an 
electrode of the piezo electric crystal by which ** arrival was carried out, and the power source which 
impresses the electrical potential difference which excites an oscillation to this piezo electric crystal 
vibrator, and to detect change of the loss factor of the above-mentioned piezo electric crystal vibrator. 
[Claim 6] The viscosity measuring device according to claim 5 characterized by contacting the fluid 
which should be equipped with the diaphragm which contacts either of the above-mentioned electrodes, 
and the rear face of this diaphragm should carry out measurement of viscosity. 

[Claim 7] The viscosity measuring device according to claim 6 characterized by having the obstruction 
field which increases the flow resistance of a fluid to the rear- face side of the above-mentioned 
diaphragm according to an oscillation of the above-mentioned piezo electric crystal vibrator. 
[Claim 8] It is the viscosity measuring device according to claim 7 which the above-mentioned 
obstruction field is constituted by the cavity which sets the rear face of the above-mentioned diaphragm 
to one of the walls, and is characterized by this cavity having the pore to which a fluid can frequent at 
least one wall other than this rear face. 

[Claim 9] The viscosity measuring device according to claim 8 characterized by at least one wall other 
than the above-mentioned rear face consisting of a porosity plate. 

[Claim 1 0] The viscosity measuring device according to claim 8 characterized by the above-mentioned 
pore being drilled by the rear face of the above-mentioned diaphragm, and the wall which counters. 
[Claim 1 1] The viscosity measuring device according to claim 7 characterized by specifying the above- 
mentioned obstruction field by the baffle plate which countered the rear face of the above-mentioned 
diaphragm and has been arranged. 

[Claim 12] The piezo electric crystal vibrator which consists the electrode prepared in one field of the 
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1st ceramic plate and this 1st ceramic plate of the piezo electric crystal by which ** arrival was carried 
out, The 2nd ceramic plate which has a cavity inside and was this 1st ceramic plate and really sintered, 
The covering device material countered and arranged in the field of another side of this 1st ceramic plate 
on both sides of this 2nd ceramic plate, The component for property measurement of the fluid which is 
the component for property measurement of preparation ****** 3 and is characterized by making the 
glass component in the field of another side of the above-mentioned 1 st ceramic plate fewer than one 
field of the above-mentioned 1 st ceramic plate. 

[Claim 13] The property measuring device of the fluid characterized by having the component for 
property measurement of a fluid according to claim 12, the power source which impresses the electrical 
potential difference which excites an oscillation to piezo electric crystal vibrator, and a monitor means to 
detect oscillating change of a piezo electric crystal. 

[Claim 14] The property measuring device of the fluid according to claim 13 with which the above- 
mentioned monitor means is characterized by detecting either the impedance of a piezo electric crystal, 
admittance, a loss factor, a phase, resistance, a reactance, conductance, a susceptance, an inductance, 
capacitance and resonance frequency. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the equipment which measures properties, such as 
concentration of a fluid besides the viscosity of the fluid in a floating condition, and relates to the 
viscosity measuring device which can be measured with a detection precision sufficient irrespective of 
the size of the property of the viscosity uniform-flow object of a fluid in a detail, and the property 
measuring device of a fluid further. 
[0002] 

[Description of the Prior Art] There are many products manufactured, used or sold with the gestalt of a 
fluid like chemicals, food, a lubricating oil, and car wax, and it is important to perform measurement of 
viscosity of a fluid, when managing the production process of these products or guaranteeing the engine 
performance. For this reason, various viscosity determinations and measuring devices are known from 
the former, for example, a capillary method, a rotation method, a drop method, etc. can be illustrated. 
However, in such a capillary method etc., it was difficult to measure and supervise continuously the 
viscosity of the fluid which must extract a sample from the fluid which it is going to measure actually, 
must measure the viscosity of the sample, and is in a floating condition in a production process etc. 
Especially the thing for which the viscosity in a predetermined floating condition is measured to a 
precision if it is in a fluid which has thixotropy nature had the problem of being very difficult. 
[0003] The viscosity measuring method and measuring device using piezo electric crystal vibrator are 
proposed to such a problem, for example, a piezoelectric device, especially a quartz resonator are 
contacted in a fluid at JP, 1-31 1250, A, JP,2-213743,A, and JP,3-189540,A, and the viscosity measuring 
method and measuring device using the resonance frequency in that case or change of loss resistance are 
indicated. Moreover, to JP,3-148040,A, bimorph vibrator is vibrated with vibration frequency 
predetermined [ in a fluid ], and the viscosity measuring device by detecting the impedance in that case 
is indicated. 
[0004] 

[Problem(s) to be Solved by the Invention] However, in such a conventional viscosity measuring method 
and equipment, if it is in a thing JP, 1-31 1250, A, JP,2-213743,A, and given in JP,3-189540,A, since the 
circle of an admittance chart does not turn into a perfect circle in actual measurement of viscosity, loss 
resistance cannot be uniquely specified as a diameter of circle, but the repeatability of loss resistance 
tends to become imperfection, and detection precision is not enough. Moreover, since change of the 
admittance corresponding to the frequency near the resonance frequency changes in the maximum and 
the two minimum modes, it cannot be said to be enough [ detection precision ]. Furthermore, in order 
that the electrode attached in vibrator might contact a fluid directly, the technical problem that exact 
measurement of viscosity may not be able to be performed occurred under the effect of the dielectric 
constant of this fluid. On the other hand, in a viscosity measuring device given in JP,3-148040,A, since 
the amplitude of bimorph vibrator is comparatively large, pulsation occurs in a fluid and this pulsation 
has an adverse effect on measurement of viscosity. Moreover, like the above, in order that the electrode 
of vibrator might contact a fluid directly, the technical problem that the dielectric constant of a fluid may 
have an adverse effect on measurement of viscosity occurred. 

[0005] Furthermore, in such a conventional viscosity measuring device, although to some extent exact 
measurement of viscosity was completed about the fluid with comparatively big viscosity, about the 
fluid with comparatively small viscosity, the technical problem that structural constraint for the electric 
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constant of a piezo electric crystal to change was large, and might be unable to measure viscosity with a 
sufficient precision by the mechanical resistance which the piezo electric crystal vibrator itself receives 
by oscillation occurred. The place which this invention is made in view of the technical problem which 
such a conventional technique has, and is made into the object is to offer the viscosity measuring device 
and the property measuring device of a fluid which can measure fluid characteristics, such as viscosity, 
with simply and sufficient repeatability even if it is the fluid of a floating condition, and can moreover 
be measured good irrespective of the size of properties, such as viscosity of a fluid. 
[0006] 

[Means for Solving the Problem] this invention person came to complete a header and this invention for 
the ability of the above-mentioned object to be attained by controlling appropriately the relation of the 
elastic property of a piezo electric crystal and fluid characteristics, such as a viscous drag of a fluid, 
which constitute vibrator, as a result of inquiring wholeheartedly that the above-mentioned technical 
problem should be attained. Therefore, the piezo electric crystal vibrator with which the viscosity 
measuring device of this invention consists an electrode of the piezo electric crystal by which ** arrival 
was carried out, The power source which impresses the electrical potential difference which excites an 
oscillation to this piezo electric crystal vibrator, and an electric constant monitor means to detect change 
of the electric constant accompanying an oscillation of this piezo electric crystal, It is the viscosity 
measuring device of preparation ******, and the elastic property of the above-mentioned piezo electric 
crystal vibrator and the viscous drag of a fluid are characterized by being controlled and changing so that 
it may change to sufficient extent for any one of the electric constants of the above-mentioned piezo 
electric crystal to perform measurement of viscosity. 

[0007] Moreover, the piezo electric crystal vibrator which consists the electrode prepared in one field of 
the 1st ceramic plate and this 1st ceramic plate of the piezo electric crystal by which ** arrival was 
carried out according to this invention, The 2nd ceramic plate which has a cavity inside and was this 1 st 
ceramic plate and really sintered, The covering device material countered and arranged in the field of 
another side of this 1st ceramic plate on both sides of this 2nd ceramic plate, Are the component for 
property measurement of preparation ******, and the glass component in the field of another side of the 
above-mentioned 1st ceramic plate The component for property measurement of the fluid characterized 
by making it fewer than one field of the above-mentioned 1st ceramic plate, and the component for 
property measurement of this fluid, Property measuring device ** of the fluid characterized by having 
the power source which impresses the electrical potential difference which excites an oscillation to piezo 
electric crystal vibrator, and a monitor means to detect oscillating change of a piezo electric crystal is 
offered. 
[0008] 

[Function] When piezo electric crystal vibrator is vibrated in a fluid and this vibrator receives 
mechanical resistance based on the viscosity of a fluid in that case, the viscosity measuring device of this 
invention detects that the electric constant of the piezo electric crystal which constitutes vibrator 
changes, and measures the viscosity of a fluid. And this invention is characterized by controlling the 
magnitude of the elastic property of piezo electric crystal vibrator, and the viscous drag of a fluid so that 
the electric constant of a piezo electric crystal may change intentionally on the occasion of this 
measurement of viscosity. In addition, among the above-mentioned electric constants, since a loss factor 
and a phase change with the one changing the maximum or minimum point, they can be preferably used 
as an index of measurement of viscosity. [ / near the resonance point ] Here, a "loss factor" is defined as 
the absolute value of the inverse number of the tangent of a phase angle, and that of change of a loss 
factor and change of a phase angle is substantially the same. 

[0009] Moreover, in the viscosity measuring device of this invention, if cover with a diaphragm either of 
the electrodes attached in piezo electric crystal vibrator, this diaphragm is vibrated with piezo electric 
crystal vibrator, a diaphragm and a fluid are contacted and it is made to perform measurement of 
viscosity, it is avoidable that the dielectric constant of a fluid has an adverse effect on measurement of 
viscosity. In this case, the elastic property of a diaphragm will be controlled as the elastic property of 
piezo electric crystal vibrator, and compounded magnitude. Furthermore, the mechanical resistance 
which vibrator receives can be adjusted by preparing the obstruction field which increases the flow 
resistance of a fluid to the side [ rear face /, i.e. contact a fluid, / a side / of the above-mentioned 
diaphragm ] according to an oscillation of vibrator. It becomes possible to perform viscous measurement 
of viscosity of a small fluid comparatively, following, for example, keeping the same the elastic property 
of piezo electric crystal vibrator. 
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[0010] In addition, a liquid and a gas shall be called "fluid" into this description, and the solution made 
to dissolve a meltable or insoluble medium not only in the liquid which consists of single components, 
such as water, an oil, and alcohol, but in this liquid, suspension, or these mixed solutions shall be said. 
Therefore, a slurry, a paste, slurry, etc. are contained in a fluid. 

[001 1] Hereafter, the viscosity measuring device of this invention and the property measuring device of 
a fluid are explained to a detail. It uses that the basal principle of the viscosity measuring device of this 
invention has functionality in the amplitude of piezo electric crystal vibrator, and the viscous drag of a 
fluid in contact with this vibrator. For example, the amplitude of vibrator will become large, if the 
viscous drag of a fluid is large, it will become small and a viscous drag will become small. And the 
oscillatory-type voice of the diaphragm in a mechanical system like an oscillation of vibrator can be 
transposed to the equal circuit in an electric system, and what is necessary will be just to think that the 
amplitude corresponds with a current value in this case. Moreover, although the vibrational state of the 
above-mentioned equal circuit shows change of various electric constants near the resonance point, the 
loss factor or phase in which the method of change near the resonance frequency of an equal circuit has 
the one the maximum or minimum change **** among electric constants, such as these loss factors, a 
phase, resistance, a reactance, conductance, a susceptance, an inductance, and capacitance, is preferably 
used for the viscosity measuring device of this invention as an index. In addition, detection of a loss 
factor or a phase can be easily performed as compared with the case of other electric constants. 
Moreover, in this invention, it is desirable to measure an electric constant, where a predetermined 
electrical potential difference (bias voltage) is impressed in the same direction as the direction of 
polarization of a piezo electric crystal trembler. That is, although it is desirable to measure an electric 
constant and it is desirable from a viewpoint of detection precision to carry out to below the electrical 
potential difference at the time of polarization as for the bias voltage in that case, without impressing 
electric field in the direction of polarization, and the direction of reverse, it does not matter at all as more 
than the electrical potential difference at the time of polarization. 

[0012] In addition, in the above, although the viscosity measuring device was described, if the element 
which does effect to an oscillation of a piezo electric crystal exists in a measured fluid, since the 
principle of this invention can be measured by relating the property of this measured fluid to oscillating 
change of a piezo electric crystal, it is not limited only to the viscosity measuring device of a fluid. That 
is, for example, a fluid is a solution, and if viscosity thru/or a consistency change when the concentration 
of the solution changes, since the oscillatory-type voice of the piezo electric crystal in the inside of a 
solution will change, it is possible to measure solution concentration. If it puts in another way, it is 
possible to perform suitably measurement of viscosity of a solution, density measurement, and density 
measurement. Incidentally, the relation between the sulfuric-acid concentration of a sulfuric-acid water 
solution and viscosity is as being shown in drawing 13 , and the relation between the sulfuric-acid 
concentration of a sulfuric-acid water solution and a consistency is as being shown in drawing 14 . 
Therefore, sulfuric-acid concentration can be measured through change of sulfuric-acid viscosity thru/or 
a sulfuric-acid consistency. 

[0013] In the property measuring device of the fluid having a configuration as shown in drawing 3 
mentioned later and drawing 4 , speaking more concretely The equivalent mass m of the fluid in the 
cavernous section 36 and a breakthrough 38 (mass of the vibrating fluid), equivalent resistance r (the 
ease of flowing of a fluid), and the equivalence elastic modulus c (hardness of a fluid) In order to 
become m=f (rho), r=g (eta), and c=h (rho, v) (rho: acoustic velocity in fluid density, eta:fluid viscosity, 
and v: fluid), respectively and to change in relation to the acoustic velocity in the consistency of a fluid, 
viscosity, and a fluid, Property change of these fluids can be connected with oscillating change of a 
piezo electric crystal, and can be measured. 

[0014] Moreover, the direction which measures change of the oscillatory-type voice of a piezo electric 
crystal as change of an electric constant in this invention as described above Although it is generally 
desirable as compared with measurement of change of the resonance frequency of a piezo electric crystal 
since rate of change is large, it is not what is limited to measuring change of the oscillatory-type voice of 
a piezo electric crystal as change of the electric constant of a piezo electric crystal. It cannot be 
overemphasized that change of resonance frequency can be used especially from viewpoints, such as the 
accuracy of measurement and endurance, if satisfactory. For example, it is the property measuring 
device of the fluid which has drawing 3 mentioned later and a configuration as shown in drawing 4 , and 
in the equipment which made the glass component of rear- face 20r of a diaphragm (the 1st ceramic 
plate) 20 fewer than the field by the side of the piezo electric crystal of a diaphragm 20, since the 
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wettability of the 1 st ceramic plate to a measured fluid becomes good, change of the oscillatory-type 
voice of a piezo electric crystal can be used as change of resonance frequency. Here, it says wettability 
using fitness as a reducing contact angle, and becoming 10 or less degrees more preferably 20 or less 
degrees. 

[0015] Next, although each part material used for this invention equipment is explained, it explains 
centering on a viscosity measuring device for convenience. First, piezo electric crystal vibrator is 
explained. This piezo electric crystal vibrator has a suitable elastic property by relation with the viscous 
drag of the fluid which should be carried out measurement of viscosity. Here, an "elastic property" 
expresses extent of the force applied to a fluid when vibrator vibrates in a fluid, and it relates to the ease 
of carrying out of the ruggedness of a piezo electric crystal, hardness, thickness, and self-excited 
vibration. On the other hand, extent of the force in which vibrator receives a "viscous drag" from a fluid 
in case vibrator vibrates in a fluid is shown, and this relates to the viscosity of a fluid. 
[0016] In the measurement of viscosity concerning this invention, as the above-mentioned elastic 
property and relation of a viscous drag, although the elastic property needs to be larger than a viscous 
drag, just this is not enough and it is required to be the relation which change of the electric constant of 
the piezo electric crystal by the oscillation in the case of measurement of viscosity can detect 
intentionally. This relation can be called relation which changes in the range in which the ratio of the 
change width of face of a loss factor is larger than 1, and smaller than 500 when a loss factor is adopted 
as an electric constant. 

[0017] When the viscous drag of a fluid is small, what is necessary will be just to fully make small the 
elastic property of piezo electric crystal vibrator that what is necessary is just to enlarge the elastic 
property of piezo electric crystal vibrator as piezo electric crystal vibrator used for the viscosity 
measuring device of this invention, when the viscous drag of a fluid is large if above-mentioned relation 
is satisfied. For example, when piezo electric crystal vibrator makes tabular, by being thick and forming 
this vibrator firmly and short, an elastic property can be enlarged and an elastic property can be made 
small by forming thinly, softly, and for a long time. 

[0018] Moreover, in the viscosity measuring device of this invention, the obstruction field which 
increases the flow resistance of a fluid according to an oscillation of piezo electric crystal vibrator can be 
added in order to satisfy the relation between the above-mentioned elastic property and a viscous drag. 
Here, "flow resistance" means extent of the force received by geometric arrangement of an obstruction 
field, in case a fluid moves by oscillation of piezo electric crystal vibrator in the inside of an obstruction 
field. Thus, it becomes possible to satisfy the relation between the above-mentioned elastic property and 
a viscous drag, without adjusting the elastic property of the piezo electric crystal vibrator itself, since the 
viscous drag of a fluid can be seemingly increased by preparing the obstruction field which increases the 
flow resistance of a fluid. Therefore, it becomes possible to perform measurement of viscosity, without 
changing the thickness of piezo electric crystal vibrator, hardness, etc. typically, even if a viscous drag is 
a small fluid. Although there is what the elastic property of piezo electric crystal vibrator is influenced 
for by preparing an obstruction field (it becomes large generally.) of course, generally the enhancement 
effect of the fluid viscous drag on appearance is larger. 

[0019] Next, although the above-mentioned piezo electric crystal vibrator is generally constituted by 
attaching an electrode in both sides of a tabular piezo electric crystal, especially the configuration may 
not be limited and may be a rectangle, circular, and such combination. As this piezo electric crystal, 
although piezoelectric ceramics can be mentioned, the electrostriction ceramics and the ferroelectric 
ceramics are sufficient and the existence of polarization processing is not asked. However, you may 
consist of ingredients other than the ceramics, and the piezo electric crystal which consists of the 
polymeric materials represented by PVDF (polyvinylidene fluoride), or the complex of these 
macromolecules and the ceramics can also be used. In addition, when polymeric materials are included, 
it is desirable that a fluid considers as the configuration which does not contact polymeric materials. 
[0020] Although the ceramics containing such mixture, such as lead zirconate, magnesium lead niobate, 
nickel lead niobate, lead zinc niobate, manganese lead niobate, antimony stannic acid lead, lead titanate, 
and barium titanate, can be illustrated as the above-mentioned piezoelectric ceramics, the ceramics 
containing titanic-acid lead zirconate (PZT) is desirable. In addition, the illustrated compound 
component may be the ceramics contained as 50% of the weight or more of a principal component. 
Moreover, it is also possible to add add-in material to the above-mentioned ceramics suitably, for 
example, the ceramics which added oxides, such as a lanthanum, calcium, strontium, molybdenum, a 
tungsten, barium, niobium, zinc, nickel, and manganese, the mixture of such arbitration, or other 

http://www4.ipdl.inpit.go.jp/cgi-bin/tran_web_cgi_ejje 4/24/2007 



JP,08-201265,A [DETAILED DESCRIPTION] 



Page 5 of 1 1 



compounds can be used. Magnesium lead niobate, lead zirconate, and lead titanate can be used as a 
principal component, and the ceramics which contains a lanthanum and strontium further can be used 
preferably. 

[0021] Moreover, although the substantia compacta or porosity is sufficient as the above-mentioned 
piezo electric crystal, in the case of porosity, it is desirable [ the porosity ] that it is 40% or less, in 
addition — the case where a piezo electric crystal makes tabular although especially the oscillating 
method of a piezo electric crystal is not limited ~ the thickness direction — crookedness — it is desirable 
that it is what a variation rate discovers. However, the more the amplitude at the time of a piezo electric 
crystal vibrating is small, the more, it is good, and thereby, it enables detection precision to perform 
much more good measurement of viscosity, without generating pulsation in a fluid. Moreover, although 
especially the thickness of a piezo electric crystal is not limited, either and it can change suitably 
according to the accuracy of measurement, the class of fluid, the arrangement location of a viscosity 
measuring device, etc., it is desirable to be referred to as about 1-100 micrometers, about 5-50 
micrometers is still more desirable, and it is much more desirable to be referred to as about 5-30 
micrometers. Of course, it does not matter as a piezo electric crystal and a multilayer-structure object of 
an electrode. 

[0022] Next, as construction material of an electrode, it is a solid-state in ordinary temperature, and it is 
not limited especially if it has conductivity, and the metal or alloy which contains aluminum, titanium, 
chromium, iron, cobalt, nickel, copper, zinc, niobium, molybdenum, a ruthenium, a rhodium, silver, tin, 
a tantalum, a tungsten, iridium, platinum, gold, lead, etc. in the combination of arbitration can be 
illustrated. What uses alloys containing platinum metals, such as platinum, a rhodium, and palladium, or 
these, such as silver-platinum and platinum-palladium, as a principal component is desirable as an 
electrode material, and copper, silver, and gold are desirable from a viewpoint of endurance. 
[0023] However, since it is desirable to join both without using adhesives as construction material of the 
electrode made to contact this diaphragm when forming the diaphragm made from the ceramics in the 
viscosity measuring device of this invention, a refractory metal is desirable, and the metal simple 
substance or alloy which contains platinum, a ruthenium, a rhodium, palladium, iridium, titanium, 
chromium, molybdenum, a tantalum, a tungsten, nickel, cobalt, etc. in the combination of arbitration can 
be illustrated. What is used as a principal component can use especially alloys containing platinum 
metals, such as platinum, a rhodium, and palladium, or these, such as silver-platinum and platinum- 
palladium, preferably from high-melting and chemical stability among these. Moreover, the cermet 
containing the above-mentioned refractory metal, an alumina and a zirconia, a silica, etc. can also be 
used. 

[0024] Although the thickness of an electrode is not limited including [ especially ] also when making it 
contact a diaphragm, it is good to usually be referred to as 0.1-50 micrometers. In addition, as the 
formation approach of an electrode, in any case, screen printing is applicable from a viewpoint of low 
cost, but it is also possible to apply sputtering, an imprint, brush coating, etc. 

[0025] Next, the above-mentioned diaphragm is explained. This diaphragm is made to contact either of 
the above-mentioned electrodes, is arranged, and vibrates corresponding to an oscillation of piezo 
electric crystal vibrator. Therefore, by arranging a diaphragm, it can avoid that an electrode and a fluid 
contact directly and can avoid that the dielectric constant of a fluid has an adverse effect on 
measurement of viscosity. Therefore, if this configuration is used, it will become possible to perform 
absolute viscosity detection of a fluid with a sufficient precision besides the relative viscosity detection 
which detects viscosity change of a fluid. However, in this invention, this diaphragm can be omitted not 
an indispensable member but, and cannot be overemphasized by that it may be the case where a 
diaphragm is used or an electrode and a fluid may contact. Moreover, it is not limited, can take various 
configurations, as the thickness, especially the configuration of a diaphragm has desirable 1-100 
micrometers, is still more desirable, and is much more desirable. [ of 5-20 micrometers ] [ of 3-50 
micrometers ] 

[0026] As construction material of a diaphragm, the construction material which has thermal resistance, 
chemical stability, and insulation is desirable. This reason is from the lead connected with that an 
electrode and a diaphragm may be joined by thermocompression bonding or sintering, without using 
adhesives, that a fluid may contain an organic solvent, an electrode, and this having conductivity. 
Although the thing and the ceramics itself which covered the metal which has thermal resistance with 
ceramics, such as glass, as what satisfies the above properties can be illustrated, being formed with the 
ceramics itself is most desirable. 
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[0027] In this case, as ceramics which can be used, the stable zirconium dioxide, an aluminum oxide, a 
magnesium oxide, an aluminum oxide, a magnesium oxide, a mullite, alumimium nitride, silicon nitride, 
glass, etc. can be illustrated. Among these, also when a diaphragm is formed thinly, chemical reactivity 
with that a mechanical strength can be kept high, excelling in toughness, a piezo electric crystal, and an 
electrode can use the stable zirconium dioxide suitably from a low thing etc. 

[0028] Here, a stabilization zirconium dioxide and a partial stabilization zirconium dioxide are contained 
in above-mentioned "stable zirconium dioxide." Although phase transition is not caused in order that the 
stable zirconium dioxide may take crystal structures, such as a cubic, the zirconium dioxide which is not 
stabilized thoroughly generates a crack for phase transition between a monoclinic system and ****** 
before and after 1000 degrees C in the case of a lifting and this phase transition, moreover, the stable 
zirconium dioxide ~ stabilizing agents, such as a calcium oxide, magnesium oxide, an oxidization 
yttrium, scandium oxide, an oxidization ytterbium, cerium oxide, or a rare earth metallic oxide, — 1-30- 
mol % — although contained, in order to improve the mechanical strength of a diaphragm, it is desirable 
that yttrium oxide is contained in a stabilizing agent. In this case, as a content of yttrium oxide, 1 .5-6- 
mol % is desirable, and 2-4-mol % is still more desirable. In addition, although the mixed stock of a 
cubic and a monoclinic system, the mixed stock of ****** and a monoclinic system, the mixed stock of 
a cubic, ****** 5 and a monoclinic system, the mixed stock of ****** and a cubic, and ****** are 
sufficient as it, if dependability is taken into consideration among these over a long period of time, that 
in which ****** 0 r ******, and a cubic were intermingled is good [ the main crystal phase of the stable 
zirconium dioxide ]. Moreover, the stable zirconium dioxide can contain suitably sintering acid, such as 
MgO, aluminum203, Si02, and clay. 

[0029] Moreover, it is desirable that 0.5 - 5% of the weight of oxidation silicon is contained in the 
ceramics which constitutes a diaphragm, and it is still more desirable that 1 - 3% of the weight of 
oxidation silicon is contained. This is because the superfluous reaction of a diaphragm and piezo electric 
crystal vibrator is avoided with oxidation silicon in case piezo electric crystal vibrator is formed by heat 
treatment, so a good piezo electric crystal property can be acquired. In addition, in order to raise the 
mechanical strength of a diaphragm, as for the mean particle diameter of crystal grain, it is desirable that 
it is 0.05-2 micrometers, and it is still more desirable [ when a diaphragm is formed from the ceramics, 
much crystal grain will constitute a diaphragm, but ] that it is 0.1-1 micrometer. 

[0030] Next, immobilization of piezo electric crystal vibrator or a diaphragm is explained. It is necessary 
to fix the diaphragm to which piezo electric crystal vibrator or piezo electric crystal vibrator was joined 
in the condition that these can vibrate. For this reason, although some of piezo electric crystal vibrator or 
diaphragms will be fixed, when piezo electric crystal vibrator and a diaphragm make tabular, it can fix 
by fixing a part of that edge to a holddown member, or covering the whole edge or the whole field near 
the edge, and attaching a frame, for example. In addition, when considering piezo electric crystal 
vibrator as the configuration which is not contacted in a fluid, the whole edge of a diaphragm needs to be 
separated by a frame or the airtight sealing agent with a fluid. Although you may be construction 
material which is different in these cases even if the ceramics is desirable and is the same construction 
material as a diaphragm as construction material of a holddown member or a frame, specifically, the 
stable zirconium dioxide, a mullite, an aluminum oxide, a magnesium oxide, alumimium nitride, silicon 
nitride, glass as well as a diaphragm, etc. can be illustrated. 
[0031] 

[Example] Hereafter, with reference to a drawing, an example explains this invention. Drawing 1 is the 
mimetic diagram showing an example of the viscosity measuring device of this invention. This viscosity 
measuring device is equipped with the piezo electric crystal vibrator 1 , the oscillator 3 which is an 
example of a frequency adjustable power source, and the loss factor monitor means 5 in this drawing. 
The signal from this oscillator 3 is a sine wave, and a signal level is a thing adjustable in a 100-15MHz 
field in 10mV-l V and a frequency. Next, an example of the piezo electric crystal vibrator applied to the 
viscosity measuring device of this invention at drawing 2 was shown. The lead 16 has connected the 
piezo electric crystal vibrator 10, the oscillator 3, and the monitor means 5, as it consists of piezo electric 
crystals 12 by which ** arrival was carried out, the lead 16 is connected to the electrode 14, respectively 
and this vibrator 1 0 shows an electrode 1 4 to drawing 1 . 

[0032] (Example 1) Using the viscosity measuring device equipped with the piezo electric crystal 
vibrator 1 0 shown in drawing 2 , in the condition that this piezo electric crystal vibrator 1 0 was 
immersed in the fluid, the signal level of 500mV was impressed between electrodes 14, and the 
frequency sweep was carried out from 1 00Hz to 500kHz. The loss factor D in resonance frequency was 

http://www4.ipdl.inpit.go.jp/cgi-bin/tran_web_cgi_ejje 4/24/2007 



JP,08-201265,A [DETAILED DESCRIPTION] 



Page 7 of 1 1 



measured, and it considered as the index of the viscosity of a fluid. Change of the loss factor D near the 
resonance point is shown in drawing 7 . In addition, in drawing 7 , "Da" expresses the loss factor in a 
frequency sufficiently lower than the resonance point, and "Db" expresses the loss factor in the 
resonance point. 

[0033] (Example 2) PZT powder was fabricated and it calcinated at 1250 degrees C for 2 hours. Ag 
paste was used for the acquired baking object, the electrode was formed, subsequently, polarization 
processing was performed for 1 5 minutes by 70 degrees C and 2kV, and piezo electric crystal vibrator as 
shown in 12mm(length) x3mm(width) xlmm (thickness) drawing 2 was obtained, the obtained vibrator - 

- a viscosity measuring device — incorporating « this vibrator — viscosity 1000-100,000 — it was 
immersed in the PVA (polyvinyl alcohol) water solution of cSt, vibrator was vibrated, and change of a 
loss factor was observed. The obtained result is shown in drawing 8 . Since the direction of the elastic 
property of the piezo electric crystal (PZT) itself which constitutes vibrator from less than 10,000 cSts 
becomes larger than the viscous drag of a PVA water solution and vibrator vibrates from drawing 8 , 
without seldom being influenced of the viscous drag of a PVA water solution, it turns out that a loss 
factor D becomes almost fixed. Therefore, it is difficult to detect the viscosity of less than 10,000 cSts 
with a sufficient precision in the case of this example. 

[0034] (Example 3) Drawing 3 is the decomposition perspective view showing other examples of the 
viscosity measuring device of this invention, and drawing 4 is the sectional view which met X-X-ray of 
the viscosity measuring device shown in drawing 3 . In drawing 3 and drawing 4 , this viscosity 
measuring device equips both sides of a piezo electric crystal 12 with the piezo electric crystal vibrator 
10 which joins an electrode 14 and changes, the diaphragm 20 which contacted one electrode 14, the 
frame 32 joined to the rear face of a diaphragm 20, and the base plate 34 which is laying the frame 32. 
[0035] The lead section 16 of the above-mentioned electrode 14 is connected to the oscillator and loss 
factor monitor means which are not illustrated. Moreover, only the circumference of a edge is fixed with 
a frame 32, and a diaphragm 20 can be vibrated according to the vertical vibration of a piezo electric 
crystal 12. In addition, although a piezo electric crystal 10 continues all over a diaphragm 20 and does 
not need to be covered about the relation between a piezo electric crystal 1 0 and a diaphragm 20, it is 
desirable to have covered the field where distortion by oscillation (crookedness) of a piezo electric 
crystal 10 becomes max. 

[0036] In the above-mentioned viscosity measuring device, the cavernous section 36 is formed with 
rear-face 20r of a diaphragm 20, the frame 32, and the base plate 34, and the fluid which should be 
carried out measurement of viscosity has composition which can frequent the cavernous section 36 
through the breakthrough 38 drilled by the base plate 34. The above-mentioned cavernous section 36 
achieves the function as an obstruction which increases the flow resistance of the fluid which exists in 
the cavernous section 36 according to an oscillation of vibrator 10 and a diaphragm 20. This cavernous 
section 36 is setting rear- face 20r to one of the wall of that, and other walls are formed of the inner skin 
of a frame 32, and the top face of a base plate 34 in this example. The breakthrough 38 is formed in 
order to introduce a fluid into the cavernous section 36 and to contact a diaphragm 20 and a fluid. 
Therefore, if only it can contact a fluid and a diaphragm 20, it is enough, and it is also possible to form a 
wall besides the above by the porous body instead of forming a breakthrough 38. 
[0037] The diaphragm 20 which consists of an example of manufacture of a viscosity measuring device 
and a [measurement-of-viscosity] zirconia ingredient was produced with the doctor blade method. 
Moreover, the frame 32 as for which a diaphragm 20 becomes the same from a zirconia ingredient, and 
the base plate 34 were prepared, and the diaphragm 20, the frame 32, and the base plate 34 were 
accumulated, and were really calcinated, the flat-surface appearance of the acquired baking object — 
2mm(length) x0.7mm (width) ~ it is ~ the thickness of a diaphragm 20, a frame 32, and a base plate 34 - 

- respectively « 0. — it is 01, 0.5, and 0.5mm, and the diameter of a breakthrough 38 is 300 micrometers. 

[0038] On the front face (outside surface) of the above-mentioned diaphragm 20, it screen-stenciled so 
that the thickness after calcinating Pt paste might be set to 5 micrometers, it dried for 1 0 minutes at 1 20 
degrees C, and subsequently, it calcinated at 1350 degrees C for 2 hours, and the electrode 14 (lower 
electrode) was formed. After screen-stenciling the piezoelectric film formation paste on this electrode 14 
and drying at 120 degrees C for 10 minutes, it calcinated at 1300 degrees C for 3 hours, and the piezo 
electric crystal 12 was formed. Furthermore, by forming the up electrode 14 on a piezo electric crystal 
12, and impressing an electrical potential difference between two electrodes like the lower electrode 14, 
polarization processing was performed and the viscosity measuring device as shown in drawing 4 was 
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obtained. 

[0039] As mentioned above, it joined by calcinating the piezo electric crystal vibrator 10 and a 
diaphragm 20, and really fabricating in this example, and the adhesives of an organic system etc. were 
not used. Therefore, since degradation of adhesives does not take place according to the class of fluid 
even if it is the operation which contacts a fluid to a vibrator 10 side even if, the viscosity measuring 
device of this example is excellent in endurance, while being able to operate it under an elevated 
temperature. Moreover, the adhesives which act as shock absorbing material do not exist, but since piezo 
electric crystal vibrator and the oscillating section can moreover be made thin, it will excel in detection 
precision. 

[0040] Next, the viscosity measuring device obtained as mentioned above was immersed in the silicone 
oil of viscosity 10-5000cSt, and the cavernous section 36 was filled up with silicone oil through the 
breakthrough 38. Vibrator 10 was operated and viscosity and a loss factor were measured. The obtained 
result is shown in drawing 9 . Since according to this example from drawing 9 change of a loss factor 
becomes small to change of the viscous drag of silicone oil, it will converge on Da mostly and a loss 
factor D will become fixed if lOOOcSt is exceeded although viscosity can be measured with a sufficient 
precision in the range of 10-1000cSt, it turns out that it is difficult to measure the viscosity exceeding 
lOOOcSt with a sufficient precision. If viscosity exceeds 1000cSt(s), since the elastic property of vibrator 
1 0 will become smaller than the mechanical resistance received from a fluid, this originates in it 
becoming impossible to vibrate regardless of vibrator to the viscous drag of a fluid, and a loss factor D 
becoming almost fixed at it. 

[0041] (Example 4) In the viscosity measuring device produced in the example 3, except having changed 
the magnitude of the diameter of a breakthrough 38, the same actuation as an example 3 was repeated, 
and the relation between viscosity as shown in drawing 10 , a loss factor, and a breakthrough diameter 
was obtained. Drawing 10 shows the behavior of loss resistance D when the mechanical resistance 
which vibrator receives from a fluid changes by changing the magnitude of the diameter of a 
breakthrough 38. By also being able to express this drawing like drawing 1 1 (referring to drawing 9 .), 
changing the magnitude of a breakthrough diameter and adjusting flow resistance from drawing 1 1 , 
shows that the measurement of viscosity in a large area becomes possible. 

[0042] (Example 5) The example of further others of the viscosity measuring device of this invention is 
shown in drawing 5 and drawing 6 . In addition, the same sign is substantially given to the same member 
with the above-mentioned member, and the explanation is omitted. In drawing 5 and drawing 6 , with 
this viscosity measuring device, spacer 32' is used instead of the above-mentioned frame 32, and the 
breakthrough is not drilled in base-plate 34'. And this base-plate 34 f functioned as a baffle plate at the 
time of a fluid flowing, and has specified obstruction field 36' which increases the flow resistance of a 
fluid. Next, as a result of setting the dimension of above-mentioned obstruction field 36' to 2mm(length) 
x0.7mm(width) xO.lmm (thickness) and performing measurement of viscosity like an example 3, the 
result equivalent to drawing 9 was obtained. 

[0043] (Example 6) Using the viscosity measuring device produced in the example 3, it was immersed in 
above-mentioned silicone oil, and measurement of a signal level, the amplitude of vibrator 10, and a loss 
factor was performed, and the obtained result was shown in a table 1 . In this viscosity measuring device, 
the amplitude of the vibrator accompanying measurement of viscosity is 0.0003-0.0564 micrometers, 
and a table 1 shows hardly being accompanied by the amplitude. 
[0044] 
[A table 1] 
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[0045] (Example 7) The component for property measurement and property measuring device of a fluid 
which have the same basic configuration as the viscosity measuring device shown in drawin g 3 and 
drawing 4 are explained. The component for property measurement of this fluid equips both sides of a 
piezo electric crystal 12 with the piezo electric crystal vibrator 10 which joins an electrode 14 and 
changes, the diaphragm 20 which is the 1st ceramic plate which contacted one electrode 14, the frame 32 
which is the 2nd ceramic plate which joined to the rear face of a diaphragm (the 1st ceramic plate) 20, 
and the base plate (covering device material) 34 which is laying the frame (the 2nd ceramic plate) 32. 
[0046] The lead section 16 of the above-mentioned electrode 14 is connected to a monitor means to 
detect oscillating change of piezo electric crystals, such as an oscillator which is not illustrated and a loss 
factor monitor means, or a resonance frequency measurement means, and the property measuring device 
of a fluid is constituted. Moreover, only the circumference of a edge is fixed with a frame (the 2nd 
ceramic plate) 32, and a diaphragm (the 1st ceramic plate) 20 can be vibrated according to the vertical 
vibration of a piezo electric crystal 12. In the component for property measurement and property 
measuring device of the above-mentioned fluid, the cavernous section 36 is formed with rear- face 20r of 
a diaphragm (the 1 st ceramic plate) 20, the frame (the 2nd ceramic plate) 32, and the base plate 
(covering device material) 34, and the fluid which should measure a property has composition which can 
frequent the cavernous section 36 through the breakthrough 38 drilled by the base plate (covering device 
material) 34. The above-mentioned cavernous section 36 achieves the function as an obstruction which 
increases the flow resistance of the fluid which exists in the cavernous section 36 according to an 
oscillation of vibrator 10 and a diaphragm (the 1st ceramic plate) 20. 

[0047] In the component for property measurement and property measuring device of this fluid, since it 
excels in corrosion resistance in constituting the wall which constitutes the cavernous section 36 from a 
ceramic ingredient, it is effective in measuring properties, such as viscosity of acidic solutions, such as a 

http ://www4 . ipdl . inpi t . go j p/cgi -bin/tran_web_cgi_ej j e 4/24/2007 



JP,08-201265,A [DETAILED DESCRIPTION] 



Page 10 of 11 



sulfuric acid, a nitric acid, a hydrochloric acid, a sodium chloride, and a sodium carbonate, or a basic 
solution, concentration, and a consistency. Therefore, since it can use for management of dc-battery 
liquid density or dc-battery liquid concentration, the property measuring device of this fluid can be 
effectively used, in case it acts as the monitor of the life of a dc-battery. 

[0048] Thus, although it is desirable to form a diaphragm (the 1st ceramic plate) and a frame (the 2nd 
ceramic plate) with a ceramic ingredient among the component for property measurement of a fluid and 
a property measuring device, the glass component which generally originates in sintering acid deposits 
on the front face, and a ceramic ingredient (sintered compact) has the bad wettability to a fluid, 
especially a liquid generally. Since the adhesive property of vibrator is secured by this glass component, 
the side in which the piezo electric crystal vibrator of a diaphragm (the 1st ceramic plate) is arranged 
does not carry out removing a glass component, but it is desirable [ the side which, on the other hand, 
counters the base plate (covering device material) of a diaphragm (the 1 st ceramic plate) ] to remove a 
glass component in order to secure the wettability to a liquid. 

[0049] Clearance of the above-mentioned glass component can be performed by approaches, such as 
chemical preparation [, such as hydrofluoric acid treatment, ], mechanical polish, and blasting 
processing. Especially, since it is desirable to make it thin from a viewpoint of an oscillation of piezo 
electric crystal vibrator as for the thickness of a diaphragm (the 1st ceramic plate), it is desirable to 
remove a glass component by chemical preparation, such as hydrofluoric acid treatment, in view of 
breakage prevention of a ceramic plate. Moreover, as construction material of a base plate (covering 
device material), although it is not necessary to necessarily consider as a ceramic, when measuring 
corrosive liquids, such as an acidic solution, it is desirable to consider as the organic resin which has 
corrosion resistance, such as polyethylene and a fluororesin. 

[0050] (Example 8) The component for property measurement of the fluid of drawing 4 was 
manufactured like the manufacture approach explained in the example 3. In addition, fluoric acid of 55% 
of concentration was made immersed in the cavernous section 36 of drawing 4 for 10 minutes, and the 
glass component was removed. Thus, the cavernous section 36 of the component for property 
measurement of the obtained fluid was filled up with the sulfuric acid of 1 0 - 50% of concentration, 
vibrator 10 was vibrated, and resonance frequency was measured. The obtained result is shown in 
drawing 15 . This example shows that sulfuric-acid concentration can be measured with a sufficient 
precision in 10 - 50% of range. 

[0051] As mentioned above, although the example explained this invention, this invention is not limited 
to these examples and various deformation implementation is possible for it within the limits of the 
summary of this invention. For example, about the cavernous section 36 or obstruction field 36', if it is 
the configuration which can increase the flow resistance of a fluid, it is enough and the configuration, a 
dimension, the number of a breakthrough, etc. can be suitably changed according to the description of a 
fluid etc. In addition, as for the dimension of a breakthrough 38, it is desirable to carry out to below one 
(m2/m) as (area/die length). Moreover, as for the thickness of a frame 32 and spacer 32', it is desirable 
for it to be referred to as 50 micrometers or more, and to constitute the area of a base plate 34 and 34* 
greatly suitably. Moreover, it is not necessary to necessarily make the piezo electric crystal vibrator 10 
into one piece, and it may be prepared. [ two or more ] 

[0052] Furthermore, although the viscosity measuring device was produced by really calcinating a 
ceramic ingredient, it is not limited to this, and a trembler 10, a diaphragm 20, a frame 32, and base-plate 
34 grade may be produced with another object, and may be made to connect mutually in an example 3 
etc. Moreover, in an example 5, spacer 32' may be metal and can join both appropriately by carrying out 
metallizing of the diaphragm 20 etc. In addition, as a piezo electric crystal trembler 10, it is possible to 
take the structure of a uni-morph, bimorph, and a mono-morph. 

[0053] Moreover, the frequency fixed power source fixed to the frequency near [ corresponding to Db 
shown in drawing 7 as a power source for vibrating vibrator not only to the frequency adjustable power 
source shown in drawing 1 but to predetermined vibrator ] the frequency can be mentioned, and further, 
as shown in drawing 12 , that which is called at the oscillator circuit of the self-excitation type which 
does not use a special frequency source of release can be illustrated. Among these, especially since the 
thing of a format which vibrates vibrator by the oscillator circuit of a self-excitation type can produce 
the power source itself cheaply, it is desirable. In addition, although drawing 12 showed the example of 
the oscillator circuit using a transistor, it is also possible to use what used the CMOS inverter, the TTL 
inverter, the comparator, etc. suitably. 
[0054] 
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[Effect of the Invention] As explained above, according to this invention, it writes controlling 
appropriately the relation of the elastic property of a piezo electric crystal and the viscous drag of a fluid 
which constitute vibrator, and even if it is the fluid of a floating condition, repeatability can improve 
measurement of viscosity simply, and the viscosity measuring device which can moreover be measured 
good irrespective of the size of the viscosity of a fluid can be offered. Moreover, according to this 
invention, the component for property measurement and property measuring device of a fluid effective 
in measuring properties, such as viscosity of acidic solutions, such as a sulfuric acid, a nitric acid, a 
hydrochloric acid, a sodium chloride, and a sodium carbonate, or a basic solution, concentration, and a 
consistency, can be offered. Therefore, it can use for management of dc-battery liquid density or dc- 
battery liquid concentration, and in case it acts as the monitor of the life of a dc-battery, it can use 
effectively. 

[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DRAWINGS 



[Drawing lJ 



[Drawing 2] 




[Drawing 4] 
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[Drawing 14 ] 
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[Translation done.] 
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